Purpose Over half of young adult cancer survivors do not meet physical activity (PA) guidelines. PA interventions can enhance health and quality of life among young adult cancer survivors. However, few exercise interventions have been designed and tested in this population. This study evaluated the feasibility and preliminary efficacy of a 12-week, Facebook-based intervention (FITNET) aimed at increasing moderate-to-vigorous intensity PA compared with a Facebook-based self-help comparison (SC) condition. Methods Young adult cancer survivors (n=86) were randomly assigned to the FITNET or SC group. All participants were asked to complete self-administered online questionnaires at baseline and after 12 weeks. Results Seventy-seven percent of participants completed postintervention assessments, and most participants reported using intervention components as intended. Participants in both groups would recommend the program to other young adult cancer survivors (FITNET, 46.9 vs. SC, 61.8 %; p = 0.225). Over 12 weeks, both groups increased selfreported weekly minutes of moderate-to-vigorous PA (FITNET, 67 min/week (p=0.009) vs. SC, 46 min/week (p=0.045)), with no significant difference between groups. Increases in light PA were 135 min/week greater in the FITNET group relative to the SC group (p=0.032), and the FITNET group reported significant weight loss over time (−2.1 kg, p=0.004; p=0.083 between groups). Conclusion Facebook-based intervention approaches demonstrated potential for increasing PA in young adult cancer survivors. Implications for Cancer Survivors Social networking sites may be a feasible way for young adult cancer survivors to receive health information and support to promote PA and healthy behaviors.
Introduction
Cancer is the most common cause of disease-related death among adolescents and young adults between the ages of 15 and 39 [1] . Cancer exacts a tremendous burden, as survivors have greater medical and psychological needs and may be at increased risk for mortality, second cancers, recurrence, cardiovascular disease, diabetes, and other chronic illnesses [2] [3] [4] [5] . For young adult cancer survivors, defined here as those diagnosed between the ages of 18 and 39, this can mean many more years with increased risks and comorbidities, which may be due in part to cancer treatment, genetic predisposition, and lifestyle behaviors [5] [6] [7] . As such, young adult cancer survivors are a vulnerable population with unique needs [6] [7] [8] .
Considering the growing body of evidence that regular physical activity (PA) may help prevent recurrence and improve posttreatment quality of life (QOL) in cancer survivors [3, [9] [10] [11] , PA interventions represent important opportunities to potentially ameliorate these risks and provide benefits for young adult cancer survivors [5, 6, 8, 12] .
Currently, there are an estimated 565,450 young adult cancer survivors between the ages of 20 and 39 in the USA [13] . Yet, research examining the needs of young adult cancer survivors diagnosed specifically during young adulthood, as opposed to during childhood, has emerged only recently [14] [15] [16] [17] . Few studies have investigated PA behaviors in young adult cancer survivors [18] [19] [20] [21] [22] [23] . Despite their increased risks for long-term morbidity [7] and the positive effects of PA, an estimated 59.3 % of US cancer survivors between the ages of 18 and 39 do not meet PA guidelines and 52.1 % are overweight or obese [24] . A more recent survey of 60 young adult cancer survivors in the US, ages 18-40, found that 63 % were not engaging in the recommended levels of either moderate-or vigorousintensity PA [20] , which is greater than the proportion of US young adults, ages , that are physically inactive (58.9 %) [25] . While young adult cancer survivors have expressed interest in lifestyle interventions and PA counseling [17, 19, 20, 23] , few empirical studies have tested PA interventions among cancer survivors diagnosed in young adulthood and outcomes of randomized trials have not been published to date. Therefore, there is a need to evaluate behavioral interventions to promote healthy PA behaviors aimed specifically at young adult cancer survivors.
Young adult cancer survivors have shown specific preferences for intervention approaches that offer social support and are delivered remotely [26] , and peer support and technology-based approaches are emerging as effective strategies to reach and promote health among young adult cancer survivors [27] . While Web-based behavioral interventions have shown promise for increasing PA [28, 29] , few randomized controlled trials have evaluated the potential of online social networking sites as an intervention delivery channel [30] [31] [32] . Online social networks are increasingly being used for health communication [33] and have the potential to promote healthy behaviors [34] and facilitate social support [35] , factors that may encourage increased PA among young adult cancer survivors. A recent survey (n=1,060) indicated that among those ages 18-24, almost 90 % had viewed health-related information or ever done health-related activities via social media and over 80 % were likely to share health information through social media [36] . Facebook, in particular, provides the opportunity for patients and health professionals to communicate and share experiences related to a specific disease and its management [37] . One study demonstrated that Facebook user groups related to malignant neoplasms had the largest number of individuals associated with them, which is consistent with the high prevalence of cancer in the overall population [37] . With one billion Facebook users to date [38] and an estimated 92 % of adults on social networking sites using Facebook [39] , it has become increasingly important to empirically investigate the potential to deliver health communication interventions through this existing technology platform.
Therefore, we conducted the first randomized controlled trial to evaluate the feasibility and preliminary efficacy of a behavioral intervention, delivered through Facebook that was aimed at improving PA behaviors among young adult cancer survivors. Specific goals were to determine adherence to and acceptability of Facebook-based intervention approaches and to evaluate whether the approaches would produce differences in moderate-to-vigorous intensity PA (MVPA). We hypothesized that young adult cancer survivors assigned to a Facebook-based intervention (FITNET) group would achieve greater self-reported MVPA minutes per week at 12-week follow-up relative to those in the Facebook self-help comparison (SC) group. Secondary assessments included body weight, body mass index, and QOL.
Methods

Participants
We recruited and enrolled young adult cancer survivors by working with community-based organizations and advocates dedicated to young adults with cancer. Interested organizations posted recruitment advertisements through various mass distribution channels, such as Facebook, Twitter, listservs, flyers, and e-mail. Recruitment strategies also included disseminating study information through a mass email to the University of North Carolina at Chapel Hill (UNC) community, flyers in UNC clinics, message boards, and via the study administrator's personal Facebook and Twitter accounts. Participants met the following eligibility criteria: young adults between ages 21 and 39 diagnosed with cancer (excluding nonmelanoma skin cancer) at age 18 or older; ≥1 year beyond date of diagnosis with no evidence of progressive disease or second primary cancers; completed cancer treatment; English speaking and writing; no preexisting medical condition(s) or contraindications that preclude adherence to an unsupervised exercise program, including cardiovascular disease, heart failure, pulmonary conditions, renal disease, and severe orthopedic conditions; not adhering to the American Cancer Society's recommendation of at least 150 min of moderate-intensity exercise/week [11] ; and having access to Internet service and an active Facebook account.
Recruitment advertisements directed interested individuals to the study website with a link to a brief, online screening questionnaire. To confirm eligibility, the self-administered screener assessed: current age, cancer diagnosis when at least 18 years old, cancer diagnosis at least 1 year prior, completion of cancer treatment, regular access to the Internet, active Facebook account, two items assessing weekly minutes of moderate-intensity PA [40] , and the PA readiness questionnaire (PAR-Q), a standard seven-item questionnaire that evaluates possible contraindications to exercise [41] . Respondents that endorsed any of the PAR-Q items were excluded.
Study design
This study was a two-arm randomized trial, delivered through Facebook and the Internet that aimed to increase MVPA among young adult cancer survivors to at least 150 min/week with a focus on walking. Based on screening responses, the study administrator e-mailed eligible individuals a study invitation with a unique web link to an online informed consent. When the number of consenting survivors approached the target sample size, all participants were e-mailed a link to a selfadministered online baseline questionnaire. Following baseline data collection and using a computer-generated random numbers list, participants were randomly assigned with equal allocation to one of two study groups: Facebook-based SC (n=41) or FITNET (n=45). After completion of the 12-week study period, follow-up data collection occurred using another online self-administered questionnaire. If necessary, we sent e-mails and Facebook messages to nonrespondents prompting them to complete the follow-up questionnaire. All participants gave online informed consent, and participants received a $30 gift card for completion of the baseline and postintervention online questionnaires. The study was conducted from April to December 2011 and was approved by the Public Health-Nursing Institutional Review Board of UNC.
Procedures for SC group Table 1 provides an overview of the differences between study group procedures. All participants received a Digi-Walker SW-200 pedometer (Yamax, Tokyo, Japan) through the mail with instructions on how to use the step counter and record their total daily steps. The study administrator sent participants an introductory e-mail stating the intervention goal and recommendation to increase their moderate-intensity PA levels to at least 150 min/week. Once enough participants accrued to meet the planned sample size, the study administrator sent Facebook friend requests and invited participants to become a member of either the SC or FITNET Facebook groups. This ensured that all group members gained access to the groups at the same time and experienced similar opportunities to participate in peer support activities. The Facebook groups were "secret," a functionality with the following restrictions: (1) membership is by invitation only, (2) the group does not appear in search results or in member profiles, and (3) only members can see the group information and content.
After participants had initially joined the Facebook group, the study administrator posted to the group wall a welcome message, a reminder about respectful Facebook communications and maintaining confidentiality, and resources on Facebook privacy. Each week during the 12-week Other Web resources focused on cancer survivorship, including some on young adults in particular, and all were from credible sources (e.g., National Cancer Institute (NCI) [42] , LIVESTRONG [43] , and American Cancer Society [44] ). While SC group participants had access to all of the Facebook group features (e.g., ability to post comments, links, and videos to the group wall), the study administrator did not post any discussion questions to encourage interaction, so any posting or interaction was self-directed.
Procedures for FITNET group
FITNET participants received all of the above plus additional intervention components that were designed based primarily on social cognitive theory [45] and focused on strategies to enhance self-efficacy, behavioral capability, self-monitoring, and social support. The Facebook message sent to FITNET participants during each of the 12 weeks was an expanded behavioral lesson with more specific guidance on PA and behavioral strategies, such as enlisting social support, incorporating PA into daily routines, problem solving, self-monitoring, and maintaining PA. We modified lessons and tips used in previous intervention studies [46] [47] [48] to be suitable for self-directed learning and appropriate for young adult cancer survivors. In addition, participants had password-protected access to a separate study website with a goal-setting tool and PA diary. The website offered tips on setting short-term, achievable PA goals, and allowed survivors to specify weekly goals (i.e., numbers of 10-min blocks of activity). Participants were encouraged to wear their pedometers every day and to record their exercise type, intensity, and duration at the end of each day using the PA tracker. In addition, the PA diary included a separate entry for walking steps, and the website provided personalized feedback charts comparing individuals' recorded PA minutes with his/her weekly exercise goal and in comparison to the overall intervention goal of 150 min/week.
To foster group interaction and social support within the Facebook group, the study administrator posted various prompts to the group wall, including: (1) discussion questions; (2) links to videos, exercise-or cancer-related news articles, or electronic PA resources; and (3) a weekly reminder to set an exercise goal, log daily PA, and check out the Facebook group. During the first 4 weeks, discussion questions were posted twice a week to support initial group interactions; one question related to PA and the other to cancer survivorship. Throughout the last 8 weeks of the study, discussion questions were posted once a week. The study administrator also posted one other resource and a reminder during each week of the program, answered any questions posted by participants, and offered general words of encouragement and support.
Measures
Baseline and postintervention survey items included measures of the primary outcomes of PA and feasibility and secondary outcomes of body weight and QOL.
Demographics and health-related variables We assessed age, race/ethnicity, education level, marital status, income, employment status, and living arrangements. We also asked participants about their cancer type, date of diagnosis, cancer stage, and treatment type.
Physical activity PA was assessed using the leisure score index of the Godin Leisure Time Exercise Questionnaire (GLTEQ), which includes four items regarding the frequency of strenuous, moderate-and mild-intensity (i.e., light activities, such as yoga and easy walking) exercise over the last week [49] . The self-administered GLTEQ is appropriate for assessing leisure time activity in a community setting and has been used in several studies of PA in cancer survivors [50] [51] [52] . Consistent with these studies and to allow for comparability, we modified the GLTEQ by asking participants to report times per week of strenuous, moderate and light exercise, along with average duration by intensity. Minutes per week of PA were calculated by multiplying days and minutes of reported activity for each intensity; for baseline and postintervention time points, MVPA was calculated from the sum of moderate and strenuous exercise and total PA from the sum of moderate, strenuous, and light exercise. Change in PA for each PA category was calculated by subtracting the baseline measure from the postintervention measure. The GLTEQ has demonstrated test-retest reliability of 0.62-0.81 and concurrent validity of 0.32-0.56 when compared with several self-report and objective exercise measures (V0 2 max, accelerometer) in different populations [49, [53] [54] [55] .
Adherence and acceptability We collected data on adherence to study components in the 12-week assessment. Measures were adapted from previous studies [46, 47] and assessed intervention exposure, attention, and recall, as well as satisfaction with intervention components and whether participants would recommend the intervention to peers. Objective engagement data on goal-setting frequency, number of PA entries, number of walking steps entries, and number of posts to the Facebook group wall were also collected. Tertiles of intervention adherence were constructed from objective data on numbers of PA entries, steps entries, weekly goals, and Facebook posts, and from a composite score that summed tertile scores of PA entries and weekly goals.
Height and weight Participants self-reported their height and weight with survey items used in the NCI's Health Information National Trends Survey [56] . The questions included: "About how tall are you without shoes?" (in feet or inches) and "About how much do you weigh without shoes?" (in pounds). Body mass index (BMI) was calculated using the standard equation (weight (kg)/ (height (m))
2 ) [57] .
Quality of life Participants completed the Functional Assessment of Cancer Therapy-General (FACT-G) questionnaire, originally developed by Cella to assess four primary domains of QOL: physical well-being, social/family wellbeing, emotional well-being, and functional well-being [58] . The FACT-G (version 4, 2007) consists of 27 Likert-type items rated on a 0-to 4-point scale of agreement from "not at all" to "very much." The range of possible scores was 0-108, with higher scores indicating a better QOL. The FACT-G has been shown to be reliable and valid among cancer patient populations with internal consistency alphas on the subscales from 0.60 to 0.89 [58] [59] [60] .
Statistical analyses
All data analyses were performed using SAS statistical software (Version 9.2, Cary, NC). We estimated study sample size based on assumptions of within-group standard deviation and effect sizes from previous 12-week PA intervention trials among cancer survivors [61, 62] . To observe a group difference of 92 min/week of MVPA, we aimed for a sample size of n=50/group to test our primary hypothesis. Assuming 30 % attrition, a loss of 15 participants from each group would result in 80 % power (alpha=0.05, two-tailed t test) to detect a group difference of 111 min/week of MVPA.
We assessed measures for normality, conducted outlier analyses, and used transformations when necessary. To maximize sample sizes for analyses, all self-reported data were used, with any outliers (z-scores>3.29) adjusted to be one unit lower than the next highest reported measure [61, 63] . Outliers for PA outcome data were identified and adjusted for five participants (FITNET, n=3; SC, n=2). Descriptive analyses compared groups on baseline demographics and healthrelated variables using Chi-square or Fisher's exact tests for categorical variables and/or Student's t-tests for continuous variables. To evaluate the primary outcome of PA and secondary outcomes, we compared the groups on changes in PA behaviors and secondary outcomes over time. Under the assumption that follow-up data were missing completely at random, we used maximum likelihood methods (PROC GENMOD) to conduct mixed model analyses with repeated measures. Models included a random intercept, time, group, and group×time variables to estimate each outcome measure at baseline and follow-up, and to test for statistical differences between groups in changes over 12 weeks. For the outcome analyses reported, we used all available data at baseline (n=86) and at follow-up (n=66) and estimated mean changes in unadjusted models and with adjustment for covariates: months postcancer diagnosis, marital status, and Facebook use time. Data were also analyzed when baseline observations were carried forward (BOCF) for dropouts as in an intent-totreat approach. Spearman correlations were calculated to assess relationships between intervention adherence or change in weight and change in PA outcomes. In addition, logistic regression procedures were used to compare the groups on the proportion achieving PA guidelines, and Chi-square tests were performed to assess level of statistical significance.
To explore the relationship between intervention adherence and PA outcomes at 12 weeks, ANCOVAs were conducted in a subsample of FITNET completers and SC completers. Analyses evaluated whether PA outcomes differed among tertiles of adherence while adjusting for baseline PA values. All reported p values are for two-sided tests with no adjustment for multiple comparisons; p values of 0.05 are considered statistically significant.
Results
Baseline characteristics
Of 167 potential participants who completed the screener between April and August 2011, 58 % (97 of 167) were eligible and consented to participate and 89 % (86 of 97) completed the baseline questionnaire and were randomized (Fig. 1) . Reasons for exclusion were cancer diagnosis less than 1 year prior (n=22), endorsed ≥1 PAR-Q items (n=13), exercising ≥150 min/week (n=10), currently undergoing cancer treatment (n=6), age younger than 21 or older than 39 (n=5), never diagnosed with cancer (n=2), cancer diagnosis before age 18 (n=1), and no active Facebook account (n=1). Participants were a mean age of 31.7 (SD=5.1) years old, 91 % female, and mostly of non-Hispanic white race (91 %). The young adult cancer survivors reported diagnoses of 18 different cancer types (20 % breast) and were on average 58.2 months (SD=44.0) postdiagnosis (Table 2) . There were no differences in baseline characteristics between groups, except FITNET participants reported higher daily Facebook use (2.6±1.4 vs. 2.0±1.0; p=0.049).
Retention
Seventy-seven percent (n=66) of randomized participants completed the final questionnaire. Retention rates did not differ between groups (FITNET, 71.1 vs. SC, 82.9 %; χ 2 =1.68; p=0.195), but noncompleters were disproportionately less likely to be married (χ 2 =4.17; p=0.041) and were fewer months postdiagnosis compared with completers (t=3.31; p=0.001).
Changes in PA
From baseline to 12 weeks, the estimated increase in weekly minutes of MVPA (Table 3 , unadjusted model) was 67.0 min (95 % CI, 13.6, 143.4; p=0.009) in the FITNET group and 46.3 min (95 % CI, 0.8, 109.0; p=0.045) in the SC group, with no significant group×time interaction. There was a significant difference between groups in estimated change in light PA minutes per week over 12 weeks (p=0.032), with FITNET participants increasing by about 135 min/week more than SC participants. The FITNET group reported an increase of 237.0 weekly minutes of total PA (95 % CI, 74.0, 501.7; p = 0.001) compared with 75.7 min (95 % CI, 12.6, 157.6; p=0.015) in the comparison group, with the group×time interaction suggestive of a difference between groups in minutes over time (p=0.078) ( Table 3 , unadjusted model).
The adjusted models and BOCF analyses (data not shown), demonstrated consistent results with some attenuation of group differences, but significant increases over time in weekly minutes of MVPA, light PA, and total PA remained for the FITNET group and for total Mean and SD at 12 weeks are based on available data. Number of participants for all models was: FITNET, baseline=45 (12 weeks=32 In dose-response analyses, participants in the highest tertile of PA entries reported more MVPA minutes compared with tertile 2 (222.9 min/week, SE=49.6 vs. 72.7 min/week, SE = 51.4; p = 0.039) and greater vigorous PA minutes relative to those in tertile 2 (82.6 min/week, SE=16.6 vs. 30.3 min/week, SE=16.6; p=0.034) at 12 weeks. For number of steps entries, tertiles of participants did not differ in PA outcomes. When ranking participants according to a composite score of adherence to logging PA entries and setting weekly goals, those in the tertile of highest participation reported greater MVPA minutes as compared with those in tertile 2 (222.9 min/week, SE=49.6 vs. 72.7 min/week, SE=51.4; p=0.039) but was not different from those with the lowest participation (222.9 min/week, SE=49.6 vs. 203.4 min/week, SE=52.0; p=0.792).
Acceptability and satisfaction
Both groups agreed (1=strongly disagree to 7=strongly agree) that accessing study information was very easy (FITNET= 5.1±1.4; SC=5.7±1.5; p=0.087), and that accessing study information was an effective way to get information about exercise (FITNET=4.9±1.4; SC=5.2±1.9; p=0.348). On average, participants agreed with the statement "I enjoyed participating in this study" (FITNET= 4.6 ± 1.7; SC= 4.9 ± 1.9; p=0.480). At follow-up, 46.9 % of FITNET participants and 61.8 % of SC participants agreed or strongly agreed with the statement, "I would recommend the FITNET program to other young adult cancer survivors" (χ 2 =1.47; p=0.225).
Changes in body weight, BMI, and QOL
Comparisons between the groups in body weight, BMI, and QOL are shown in Table 3 . At 12 weeks, the FITNET group had lost an estimated −2.1 kg (95 % CI, −3.6, −0.7; p=0.004) compared with no significant weight loss in the SC group (−0.1 kg, 95 % CI, −1.9, 1.7; p=0.904); weight changes over time were not different between groups, but approached significance (p=0.083). There was no difference between groups in reported changes in QOL over 12 weeks. In unadjusted and adjusted analyses with BOCF (data not shown), weight loss over time remained significant in the FITNET group (both p=0.041), and the group×time interaction was attenuated (both p=0.219). Among FITNET participants, the association between change in vigorous PA and weight loss over 12 weeks approached significance (r s =−0.27; p=0.056), while change in PA was not associated with weight loss for SC participants (all p>0.05).
Discussion
The FITNET study is the first to report randomized trial outcomes of a Facebook-based intervention to promote PA in young adult cancer survivors and demonstrates that delivery of behavioral interventions through Facebook is feasible among young adult cancer survivors. The study had a retention rate that was comparable with other Internet-based studies, and most participants reported using intervention components as intended. Participants in both groups agreed that accessing study information was easy and an effective way to get information about exercise. On average, both groups enjoyed participating in the study and would recommend the program to other young adult cancer survivors. Rather than increasing MVPA, which was the intervention focus, the FITNET intervention produced increases in light PA minutes per week (activities such as easy walking and yoga) compared with the SC group. The weight loss over time in the FITNET group was an unexpected finding, as interventions focused solely on PA without a dietary component typically produce little weight loss [64] , and since self-report measures of PA suggest the only difference between groups was in light activity. Taken together, these findings suggest support for the feasibility of Facebookbased approaches to delivering behavioral interventions to young adult cancer survivors. Although differences in light PA were achieved, weekly minutes of MVPA were not different between the FITNET and SC groups. On the contrary, previous 12-week homebased interventions among breast cancer survivors produced significant increases in self-reported MVPA ranging from 57 to 98 min/week relative to a comparison group [61, 62] . However, it is difficult to make comparisons with these previous trials, as our study is the first to be delivered primarily via Internet, to focus specifically on young adults diagnosed with cancer during young adulthood, and to include young adult survivors of various cancer types. After 12 weeks, the FITNET intervention produced an average increase of 67 min/week of MVPA; this was comparable to increases of 70-89 min/week of MVPA among breast cancer survivors receiving a home-based intervention with step pedometers and/or print materials [61] , but we observed much greater within-group standard deviations in selfreported PA minutes per week. In the present study, the lack of an intervention effect on MVPA relative to the SC group could be due to insufficient power to detect a significant difference as a result of a small sample size and large withingroup variance. It is also possible that the lack of differences in MVPA may be attributable to the particular intervention strategies used. The comprehensive nature of the FITNET program, with multiple components targeting multiple psychosocial constructs, precluded us from determining the extent to which specific strategies accounted for group changes in PA.
Considering that the FITNET intervention focused on walking, and several studies indicate that walking is the preferred exercise type for an estimated 55-81 % of survivors of varying cancer types [65] [66] [67] , the observed increase in light PA relative to the SC group is not unexpected. At baseline, 8.9 % of FITNET participants were completely sedentary and 22.2 % reported no moderate-intensity PA. It is possible that some participants were slowly increasing exercise intensity over time, the importance of which was emphasized in study messages. Furthermore, participants were encouraged to wear their pedometers every day and may have spent more time doing light, as opposed to brisk walking, which competed with time spent on MVPA. Though there were no reports of adverse events or injuries, participant scores on physical well-being were lower than those reported in previous PA trials and studies among cancer survivors [52, 68] . This suggests that survivors may have been limited in their ability to engage in higherintensity PA. Given the limited empirical data on PA interventions focused specifically on young adult cancer survivors, it is challenging to put this increase in light PA in context. However, since recent PA guidelines for cancer survivors assert that any activity is better than none [11, 69] , the observed increases in light PA are still encouraging.
While it is unclear what accounts for the group differences in light PA, the increases in PA over time among both groups suggest that young adult cancer survivors are interested in behavioral interventions as demonstrated by previous studies [17, 19, 20, 23] , and their cancer experiences may serve as a teachable moment that motivates them to make behavior changes. Results indicate the acceptability of using Facebook to deliver PA interventions to young adult cancer survivors. Though not significantly different from the FITNET group, higher proportions of SC group participants reported attending to study components (i.e., received and read Facebook messages, visited Facebook group) and would recommend FITNET to other young adult cancer survivors. Despite receiving more minimal message content, SC group participants reported that accessing study information was easy and an effective way to get information about exercise. Given the limitations on formatting the appearance of Facebook messages, it is possible that the shorter, simpler messages were more appealing. Furthermore, the SC participants posted their own discussion questions, while both groups, on average, posted a similar number of Facebook comments to the respective group walls. Interestingly, the SC participants posted 188 comments without being prompted by the study administrator compared with 153 posts by FITNET participants, who received regular discussion prompts. Posts among both groups included a combination of participant introductions, comments related to PA, encouragement, support, accomplishments, and PA resources; support may have been just as encouraging and acceptable when offered by a peer, as opposed to a study moderator. Frequency of Facebook posts did not appear to be related to changes in PA in either group. However, since over half of participants in both groups never posted or posted only once, it is unclear if access to a Facebook group and peer interactions influenced PA changes over time and to what extent Facebook functionalities were used and promoted participant engagement. The objective measure of posts is unable to account for those who read peer comments and resources posted by the moderator but did not interact with peers. These results among the SC group suggest that a minimal intervention delivered through Facebook may help promote behavior change in young adult cancer survivors. Though, this should be interpreted with caution considering the small sample size of the current study and the lack of a true control group with which to compare the SC group. Other studies, however, have also found that a minimal intervention offered to the control group, such as a pedometer and/or standardized print materials, produced increases in PA [61, 62, 70] . Future studies should further evaluate how young adult cancer survivors use social networking sites and examine the potential for both moderated and self-directed Facebook group discussions to enhance behavior change in this population.
Findings from intervention dose analyses indicate that participants who logged the most PA entries and set more weekly goals reported greater MVPA minutes at 12 weeks compared with the middle tertile, suggesting that these selfmonitoring behaviors may have led to MVPA increases over time in the most adherent FITNET participants. Previous home-based PA interventions among cancer survivors have produced increases in self-reported MVPA using exercise logs and pedometers as intervention strategies [61, 62] . As with many Internet-based interventions, adherence declined over time with only 24 % of participants logging PA entries on the study website at 12 weeks. Unexpectedly, MVPA in the lowest tertile of participation was not different from that of the highest tertile, with participants in the middle tertile reporting the lowest mean MVPA. Since participants with the lowest adherence never, or only once, logged PA entries and/or set a weekly goal, the observed decreases in objective self-monitoring behaviors over time are likely attributable to participants in the middle tertile. FITNET participants were asked to access a separate website to record activity, which may have grown burdensome over time. Furthermore, though they occurred on only a few occasions, website outages due to weather and site maintenance may have discouraged participant use. It is conceivable that survivors in the lowest adherence tertile were using other tools to selfmonitor their PA, but the current study is unable to explain why their levels of MVPA were comparable with survivors in the highest tertile of adherence. Future studies should examine strategies for self-monitoring PA that are more easily accessible and less time intensive (e.g., Facebook applications and phone accelerometers), as well as additional features that have been shown to be related to improved PA adherence (e.g., tailored feedback) [71] and increased exposure to Internet-delivered interventions (e.g., email/phone contact and website updates) [72] . Rather than accessing intervention components or functionalities within Facebook, it also is possible that other strategies might be better accessed through a different technology platform. For instance, perhaps a Facebook group is most beneficial as a discussion forum for an intervention that is otherwise delivered via e-mail or text messages. This study provides initial insight into how delivering health information through Facebook can be useful to young adult cancer survivors interested in improving PA behaviors. Future research is needed to identify more effective intervention and engagement strategies to enhance MVPA among young adult cancer survivors within, or as a complement to, social networking site approaches. Additional testing of whether more minimal, but more frequent and less time-intensive strategies, like the simpler messages offered to SC group participants, and alternative self-monitoring techniques might be effective among young adult cancer survivors is warranted.
This study did not demonstrate enhanced QOL, as has been reported in other PA trials among survivors [52, 73] . A recent review of QOL outcomes in PA interventions for cancer survivors demonstrated that the more effective interventions focused on higher-intensity aerobic exercise and were longer in duration [74] . Given that PA gains were more demonstrable in lower-intensity PA, it is not surprising that increases in QOL were not realized. Furthermore, the FACT-G instrument may not have been sensitive to QOL issues affecting survivors that are further from diagnosis, as it was designed to assess concerns more proximal to diagnosis. Considering that both groups received active interventions, this may have minimized differences in QOL between arms. The reported QOL among this sample of young adults was lower relative to QOL among cancer survivors participating in other PA studies that used the FACT-G [52, 68] , suggesting that QOL may be lower in young adult survivors than those previously studied and is deserving of future research.
Notably, this study showed a reported 2-kg weight loss from baseline to 12 weeks in the FITNET group with no significant weight loss over time in the SC group, which was an unexpected finding. It should be noted that, while this outcome is not measured weight, self-reported weight has been shown to be strongly correlated with clinically measured weight in cancer survivors [70] . While dietary change is the likely mechanism, the groups were not different on MVPA and dietary intake was not measured; as such, this study does not provide evidence as to why FITNET participants' self-reported weight decreased over time. Previous exercise interventions among survivors have not demonstrated significant changes in body weight [62, 73] . A recent weight loss intervention using Facebook and text messaging produced a significant 2-kg weight loss in college-aged young adults after 8 weeks compared with Facebook only and wait-listed control groups [31] . Given that weight gain and declines in PA often occur during young adulthood, and young adult cancer survivors may be at higher risk for obesity-related chronic disease after treatment, these results suggest that weight control interventions might be feasibly delivered to young adult cancer survivors in part through Facebook. Future studies should examine the long-term effects of social networking site approaches to behavioral change among young adult cancer survivors.
A major strength of this study was that it was one of very few randomized controlled trials to evaluate a PA intervention among young adult cancer survivors. Furthermore, it used a popular and publicly available social networking site and was completely home based. Both of these features facilitated the recruitment of young adult cancer survivors, a rare population of survivors relative to survivors of other age groups, across North America. The fact that the study was delivered through a popular social networking site improves the possibility for future dissemination. The SC group also received an active intervention, allowing for a more robust test of the effects of the goal-setting, selfmonitoring, and moderated group discussion components on PA outcomes. Despite these strengths, there are a number of important limitations which may limit the generalizability of study outcomes. With both groups receiving an active intervention through Facebook, the multicomponent intervention and lack of a true control group limited our ability to isolate the effect of the social networking component on PA outcomes. The small sample size may have resulted in inadequate power to detect a significant difference between groups in the primary outcome of weekly minutes of MVPA. Additionally, the lack of objective measures for PA and BMI limit generalizability of study findings. Selfreport measures may have led to over-or underreporting of PA minutes and other outcomes, resulting in biased estimates due to social desirability and recall errors; though, presumably these were equally distributed between groups through randomization. Furthermore, while the intervention encouraged lifestyle changes to incorporate PA into daily routines, the self-report measure assessed only leisure-time PA. The relatively short study duration was a limitation, which may not have allowed sufficient time for participants to gradually increase their PA intensity. The study reports on short-term outcomes and lacked long-term follow-up, and therefore was unable to demonstrate long-term effectiveness. Participants that enrolled earlier during the 4-month recruitment period may have been motivated to start exercising prior to the 12-week intervention, which could have biased study findings. In addition, the study did not address the needs of young adult cancer survivors who are not on Facebook or lack Internet access, a population that may be most in need of health-related information [75] . It is important to note that recruiting a diverse study sample proved to be challenging, and findings may have limited generalizability to the broader population of young adult cancer survivors. Future studies are necessary to determine more optimal ways to recruit diverse and larger sample sizes of young adult cancer survivors to behavioral interventions.
Given the limited availability of behavioral interventions for young adult cancer survivors and their interest in making lifestyle changes, results of this study suggest that Facebook may be a suitable delivery channel for behavioral interventions among young adult cancer survivors, and Facebookbased approaches hold potential for promoting PA in this population. Further research that is adequately powered to compare Facebook-based approaches and that includes additional objective data measures and more diverse samples of young adult cancer survivors is warranted. Our findings suggest that delivering health communication through an existing social networking site that is commonly used by cancer survivors may be beneficial and have future implications for young adult cancer survivors, health care professionals, and organizations that serve young adult cancer survivors.
